In tro d uction
In Chlamydom onas reinhardii w ild and m utant strains grow n on, or derepressed w ith, n itrate m any N A D (P )H -cytochrom e c reductases have been detected [1 -3] . M ost o f these d iap h o rase activities have been dem onstrated to be unrelated to assim ilatory nitrate reduction and only one o f them , a m m o n ia repressible, has been proposed to be the d ia p h o ra se subunit o f the native N A D (P )H -n itrate reductase enzym e com plex [2, 3] . These d iap h o rase activities w ere very resistant to sep aratio n by m eans o f the usual chrom atographic m ethods (ion ex change, m olecular exclusion and affinity ch ro m ato g raphy) due to th eir sim ilarity in charge and size [2] .
In the present paper, we report the isolation o f the N A D (P )H -d iap h o rase nitrate reductase su b u n it by co m bining ion exchange chrom atography and iso electric focusing. Since m utant 104 o f C. reinhardii, w hich lacks the term inal n itrate reductase activity o f the com plex [2, 4] , has large am ounts o f N A D (P )Hd ia p h o ra se subunit, we used this m u tan t as source o f enzym e throu g h o u t all the work. 
C ulture m ethods and preparation o f extracts
6145 c cells and m u tan t strains 104 and 305 of C. reinhardii w ere cu ltu red and derepressed w ith n itrate, h arvested, frozen in liq u id nitrogen and stored, u n d er conditions previously established [3, 4] , Cell pellets w ere d isru p ted by thaw ing w ith gentle stirring, 1 h, in 50 m M T ris-H C l buffer, pH 7.5, con taining 50 m M N aC l, 0.1 m M d ith io ery th rito l, 0.1 mM E D TA and 10 pM F A D (b u ffer 1). T he resulting sus p ension was th en centrifuged at 30000 x g , 15 min, and the su p e rn a tan t used as source for enzyme p u rificatio n .
P urification o f N A D (P)H -cytochrom e c reductases

A)
Chrom atographic procedures: Enzym e extracts w ere ad so rb ed on a D E A E-Sephacel colum n (6 x 3.2 cm ), and eluted w ith a lin ear grad ien t o f 0.05 -0.3 M N aC l in bu ffer 1. T he resulting eluate was p recip itated w ith am m onium sulfate, 3 0 -6 0 % satu ratio n , cen trifu g ed at 30000 x g , 15 m in, and th e sed im en t resu sp en d ed in 5 m M potassium phos-p h ate buffer, pH 7.0, containing 50 pM dithioeryth ritol, 50 pM ED TA and IO pM FA D . T he solution was filtered through a Sephadex G -100 colum n (22 x 3 cm).
B)
Isoelectric focusing: T he m ost active fractions from the above colum n w ere pooled and subjected to isoelectric focusing at 4 °C in an LKB U N IP H O R 7900 electrophoresis system w ith a lin ear density g rad ien t o f 0 -45% (w /v) sucrose, containing 0.5% A m pholine pH 3 . 5 -5 , and 0.6% (w /v) A m pholine pH 5 -8 , according to V esterberg [6] . T he electrode solutions were: cathode, 0.2 m N aO H , and anode, 0.45 M H 2S 0 4 containing 50% (w /v) sucrose. Starting cu rren t (10 mA) had to be occassionally adjusted d u rin g the first 12 h until it becam e stable (2 mA). A fter 40 h, 2.5 ml fractions were collected.
pH values w ere m easured w ith a Beckm an Exp an d o m atic SS-2 p H -m eter endow ed w ith a fullrange com bination electrode.
E n zym e assays
N A D (P)H -cytochrom e c reductase and N A D (P)Hn itra te reductase activities were d eterm ined spectrop h o tom etrically according to earlier described m ethods [7] , N A D (P )H -cytochrom e c reductase am m o n ia re p re s s iv e related to nitrate reduction was identified by reconstitution o f N A D (P )H -nitrate reductase com plex through in vitro com plem entation w ith term inal nitrate reductase o f m utant 305 [3] , A ctivity units are expressed as pm ol o f substrate transform ed per m in, and specific activity as units p er m g protein.
A nalytical m ethods P rotein was estim ated spectrophotom etrically by the m ethod o f Bailey [8] using bovine serum a lb u m in as standard. N itrite was m easured as described by Snell and Snell [9] , S pectrophotom etric d e te rm i nations were perform ed in a PYE-U NICA M SP-8-100 recording spectrophotom eter.
Electrophoresis
A nalytical disc gel electrophoresis was carried out at 4°C in 7.5% acrylam ide gels according to Jovin et al. [10] in a S handon apparatus. N A D (P )Hd ia p h o ra se activities w ere located on the gels after the run w ith 4 -n itrobluetetrazolium as described by W ang and R ap er [11] .
M olecular weight determ ination
M olecular w eight o f diap h o rases were d eterm ined by running extracts and protein standards on poly acry lam id e gels o f 3.75, 5, 6.25 and 7.5% (w /v) total acrylam ide co n cen tratio n as described by H edrick and S m ith [12] , S tan d ard s used were: carbonic anhydrase (A/r 30000), ov alb u m in (A/r 43000), bovine serum alb u m in (A/r 67000), lactate dehydrogenase (M r 140000), and catalase (M r 232000). [13, 14] . A m olecu lar w eight o f 50000, very close to th a t previously found by o th e r m ethods was calculated for the am m o n ia repressible N A D (P)Hd iap h o rase, very recently characterized as the d ia p h orase su b u n it o f th e n ative nitrate reductase enzyme com plex [2, 3, 15] .
R esults and D iscussion
Isolation o f this d ia p h o ra se activity from all the others unrelated to n itra te reductase, by using con ventional ch ro m a to g rap h ic procedures, was a d if ficult task since alw ays rem ained at least three N A D (P )H -cytochrom e c reductases of sim ilar charge and size [2] . H ence, we proceeded to elim i nate m ost o f the d iaphorases o f low m igration velocity and unrelated to nitrate reductase by the p u rificatio n p ro ced u re outlined in E xperim ental.
T he eluate from th e last p urification step still contained a m ix tu re o f am m onia repressible N A D (P )H -cytochrom e c reductase and several d iap h o rases unrelated to nitrate reductase (Fig. 2 A) .
W hen this p rep a ra tio n was subjected to p rep arativ e isoelectric focusing, th ree d ia p h o ra se fractions w ith isoelectric po in ts o f 7.1, 5.5 and 5.05 w ere o b tain ed (Fig. 3) . (Fig. 2 C ) , w hereas th at o f p i 5.05 co n tain ed p red o m in an tly th e am m onia repressible d ia p h o ra se w ith high m igration rate and related to n itrate reductase (Fig. 2 D ) . o f reconstituting the N A D (P )H -n itrate reductase com plex (Fig. 4) . A sim ilar value o f isoelectric p o in t o f 5.0 has been rep o rted for th e spinach nitrate reductase com plex [17] .
T he isoelectric focusing tech n iq u e has been also used in the p u rificatio n o f Neurospora crassa N A D P H -n itrate reductase [18] 
